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PORTABLE AND COMPACT MOTION
SIMULATOR WITH A SINGLE DEGREE-OF-
FREEDOM

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 08/915,259, filed Aug. 20, 1997,
entitled “Portable and Compact Motion Simulation”, now
U.S. Pat. No. 5,954,508.

BACKGROUND

1. Field of the Invention

This 1invention relates to a portable and compact motion
simulator apparatus, and more particularly, to a motion
simulator system designed to simulate motion for a person
playing an interactive computer game or participating in a
virtual reality experience.

2. Description of Prior Art

Motion simulators for training and amusement are well
known 1n the art. Aircraft simulators for use by the military
and commercial airlines incorporate highly sophisticated
hydraulic drive systems often offering up to six degrees-ol-
freedom. Amusement rides offering motion simulation have
typically employed technology very similar to the high
fidelity aircraft training stmulators while somewhat reducing
complexity and cost. A typical system employs a platform
having an occupant station which incorporates a means for
visual simulation through motion picture or computer-
ogenerated scenery 1maging. The occupant platform 1is
mounted on or suspended from multiple actuators which
impart motion to the platform. Alternatively, the occupant
platform 1s mounted on a multiple-gimbal system with
multiple actuators to generate motion. The number and
mounting locations of the actuators are determined 1n engi-
neering tradeoifs for size of the actuators and the equations
of motion to be used for the simulation.

For amusement rides and motion theater applications,
aircraft training simulators are often too large 1n size, too
complex 1n 1nstallation, and too costly to maintain and
operate. The solution lies 1n miniaturization which can
reduce the cost of motion simulators in two major ways.
Firstly, motion simulators are re-packaged to decrease the
overall system size without reducing any range of motion.
Decreasing the system size tends to have a cascading eff

cct
on the motion simulator size and component size.
Ultimately, the miniaturized motion simulators can be
housed 1n standard commercial building structures. Numer-
ous patent designs have been found to follow this path.
Secondly, motion simulators are simplified by reducing the
range of motion. Since the required performance for amuse-
ment rides or motion theater applications are not as vigorous
and stringent as the aircraft training simulators, the exact
equations of motion can be modified to maintain the level of
excitement with simpler installation. Such simplification
reduces hardware complexity as well as demand on com-
puting power to run the simulation. Numerous existing
patented designs have been the results of trading off the
complexity of the motion system against the range of
motion.

All but few of the minmiaturization efforts have been
directed to optimize commercially or institutionally owned
motion simulators. Personal ownership has not been prac-
tical because 1) the large size of the system that cannot be
practically adopted for home use, 2) a complex system that
cannot be reasonably installed and maintained by most
people, and 3) the high costs of the motion system and
dedicated computer required to run the simulation.
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Innovations 1n the area of home computing have vastly
improved the fidelity of computer games at home. With
multi-media presentation, the computer game experience
often encompasses visual effects through the graphics dis-
play on the video monitor and audio effects through the
monitor speakers. But game related hardware are often
limited to input control devices such as joystick, control
pedals, yoke, etc. Motion simulators, which have been
proven commercially, are capable of enhancing the home
computer game experience to a new level. With the com-
puting power required for complex motion simulation
becoming available in most home computers and micro-
processors, the prerequisite for home use motion simulation
1s met. But such adoption is not trivial, the motion simulators
have to be mimaturized to an extent that has not been
achieved 1n all known designs. And, they have to be con-
structed with simplicity and ingenuity to get the cost down
to an economically viable level.

From the design standpoint, such motion simulators have
to be low-cost and they have to be able to create a sense of
motion that can add to the sensation of computer game play.
At the same time, the motion simulators have to be small and
portable to be accepted by the users. They also have to be
simple to install and maintain.

There have been several noted efforts 1n miniaturization

of motion simulators. The “portable simulator apparatus”,
patented 1 U.S. Pat. No. 5,316,480 and U.S. Pat. No.

5,509,806 (continuation in part of U.S. Pat. No. 5,316,480)
to T. Ellsworth dated May 31, 1994 and Apr. 23, 1996
respectively, affords a mobile and transportable motion
simulator. Yet the miniaturized system consists of several
roadable trailers.

In two other known prior-art systems, U.S. Pat. No.
5,022,708 to Nordella dated Jun. 11, 1991 and U.S. Pat. No.
5,605,462 to Denne 1n Feb. 25, 1997, the motion simulators
have been brought down to the size of a chair. Even with the
amiable efforts, both designs have come short of being
suitable for home use or personal ownership.

The last prior-art system worth mentioning in the current
context 1s the design patented 1n U.S. Pat. No. 4,343,610 by
Chou dated Aug. 10, 1982. This motion simulator in this

patent 1s a large system for commercial application.

None of the above patents suggest a truly portable motion
simulator or system that can simulate motion for a person
playing an interactive computer game or participating in a
virtual reality experience.

OBJECTS AND ADVANTAGES

It 1s an object of the present invention to provide a
portable and compact motion simulator with a single degree-
of-freedom.

It 1s an additional object of the present mvention to
introduce several design applications of the portable and
compact motion simulator with a single degree-of-freedom.

It 1s another object of the present invention to provide a
portable and compact simulator system for interactive com-
puter game and virtual reality experience application.

It 1s yet another object of the present mnvention to intro-
duce a motion base controller with computing resources to

operate and control a portable and compact motion simulator
and the method therefor.

It 1s a further object of the present invention to mtroduce
a dynamics control means to optimize the dynamic perfor-
mance of the motion simulator in accordance with the
welght of the patron and the method therefor.
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Accordingly, several advantages of our invention are

(a) The portable and compact motion simulator is small in
size and light-weight. In the smallest form, it 1s approxi-
mately the size of a seat cushion. It can be placed on a
regular chair or armchair when it 1s 1 use. It can be stored
in a closet or garage when not 1n use. A young adult can carry
the portable and compact motion simulator with ease thus
allowing versatility for home use and portability at the
personal level.

The Nordella motion simulator 1s approximately the size
of a chair and 1t allows all six degrees of freedom. In
practice, this motion simulator 1s quite a bit larger after
taking into account the hydraulic pump and the fluid reser-
vorir. It also requires a substantial portion of the mechanical
system to be 1nstalled 1n a trench below the floor level. While
this mnvention qualifies as a small motion simulator, it fails
to meet the home use and portability criteria. Likewise, the
Denne motion simulator takes up all the space underneath
the seat, requires extra room for hydraulic pumps and fluid
reservoir, and needs to be 1nstalled onto a floor like structure.
Thus 1t fails to meet the home use and portability criteria as
well. The Ellsworth motion stmulator 1s portable but it 1s not
light-weight or small. It 1s definitely not suitable for home
use or portable at the personal level.

(b) Installation of the portable and compact motion simu-
lator 1s simple. It can be used like a seat cushion. Installation
or set-up 1ncludes the following steps:

1) placing the motion simulator on a sturdy chair;

2) connecting the motion simulator to the home computer
or a control device; and

3) plugging the motion simulator to a standard 110V

clectrical wall outlet.

In comparison, the Ellsworth portable motion simulator
require each of the six roadable trailers to be individually
lifted 1nto place by portable cranes or jacks.

(¢) The movable platform includes an accommodation for
a patron. In the stmplest form, the platform provides a sitting
surface. By making the accommodation an integral part of
the platform, it eliminates the need for intermediate struc-
tural elements. Thus, the present mvention constitutes the
smallest possible number of structural elements for a motion
simulator. Both the part count and overall cost are reduced,;
more 1mportantly, the overall vertical height 1s minimized.

The Denne motion simulator i1s consisted of a base
support, a platform, actuating elements, and a seating struc-
ture. The present 1invention combines the equivalent plat-
form and the seating structure into a single part.

(d) The portable and compact motion simulator is capable
of creating a sense of motion for a patron the size of a
fully-grown adult. The motion simulator 1s engineered to
provide dynamic performance for an adult of 250 pounds in
weilght.

(¢) This invention employs a direct drive system archi-
tecture which 1s superior to the multiple-gimbal systems 1n
terms of dynamic response performance and etficiency. The
multiple-gimbal system such as commonly used to stabilize
oyros and the like, effectively provides different component
rotational motion between successive platforms. Because of
the need to support one platform on another, the multiple-
oimbal system 1s inherently subject to excessive “dead”
mass which can dynamically compromise its performance,
particularly for high speed response applications. The direct
drive system also demands less power, thus smaller
actuators, than the comparable multiple-gimbal system.

(f) A motion base controller provides computing resources
to operate and control a portable and compact motion
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simulator, thereby eliminating the need for computing
resources external to the motion simulator. The motion base
controller has a communication means to receive control
signals from the joystick or the computer game via the home
computer, a processing means to generate the appropriate
command signals, and another communication means to
send the command signals to the actuation element or
powered and controlled extensible member. The home com-
puter can therefore be reserved for running the computer
game, and none of 1ts resources will be diverted to run the
motion base controller or the motion simulator.

In practice, having the built-in computing resources
makes the portable and compact motion simulator a truly
standalone design. It enhances the portability and adaptabil-
ity of the motion simulator to any home computer by
simplifying the installation procedure. This motion base

controller can be applied to portable and compact motion
simulators with various different range of motions. The
command signals can be sent to multiple actuation elements
to 1mpart motion in different degrees-of-freedom.

In many of the known motion simulator designs, a con-
troller 1s provided to receive and process signals. But it relies
on a dedicated computer external to the motion simulator to
provide the necessary computing resources for operation and
control. A two degrees-of-freedom motion simulator by
Rock’n’Ride, commercially launched 1 1997, uses an inter-
nal motion base controller to provide the necessary com-
puting resources for stmulation. That motion base consists of
a full-sized chair, an external frame, a pedestal structure, and
a pneumatic compressor unit to provide actuation power.
Thus, the Rock’n’Ride motion simulator precludes the
present invention which applies to portable and compact
motion simulators.

(g) A dynamics control means is provided to optimize the
dynamic performance of the motion simulator 1n accordance
with the weight of the patron. In the traditional motion
simulators, the dynamic characteristics and performance of
the simulation system are often engineered to account for the
tare weight of the system. The patron weight, being small
compared to that of the system, has no significant impact on
the dynamic performance of the motion simulator. This
paradigm does not hold for compact motion simulator for
two reasons. Firstly, the tare weight of the compact motion
simulator 1s small compared to the patron’s weight.
Secondly, there are no simple ways to design a compact
motion simulator that works equally well for a 120 pound
patron and a 250 pound patron. For example, a compact
motion simulator built for a single 250 pound patron may
impose excessive dynamic input to a 120 pound patron. The
sald dynamics control means provides an adjustment to
directly affect the velocity and acceleration profiles of the
motion simulator in accordance with the weight of the
patron. In practice, 1t 1s 1nstalled both as a means to optimize
the dynamic performance as well as a safety device.

The design described 1n Kodama’s Japanese patent, JP
405323860 dated Dec. 7, 1993, depicts a mechanical adjust-
ment on an individual motion theater seat that controls the
total amount of travel on that seat. The described control
does not allow adjustment on the dynamic performance of
the motion simulation such as acceleration rate or speed of
motion.

Further objects and advantages of our invention will
become apparent from a consideration of the drawings and
ensuing description.

DRAWING FIGURES

For a better understanding of the present invention, ref-
erence 15 made to the accompanying drawings 1n which
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FIGS. 1A and 1B show two prior-art motion simulator
designs that incorporated some degree of miniaturization.

FIG. 2 pertains to our invention. The portable and com-
pact motion simulator being used 1 a computer game
application.

FIG. 3A depicts an exploded view of a portable and
compact motion simulator with single degree-of-freedom 1n
pitch.

FIG. 3B shows an exploded view of a portable and
compact motion simulator with a single degree-of-freedom
in roll.

FIG. 3C shows an exploded view of a portable and
compact motion simulator with single degree-of-freedom 1n
yaw.

FIG. 4 shows a block diagram of the motion base con-
troller 1n accordance with the present invention for provid-
ing computing resources to operate and control a motion
base.

FIG. 5§ shows a block diagram of a dynamics control
means of the present imnvention for adjusting the dynamic
characteristics of the motion base.

REFERENCE NUMERALS IN DRAWINGS

02 patron
04 joystick
06 chair

08 home computer

10 portable and compact motion simulator

12 pitch

14 roll

16 yaw

20 support base

22 platform

24 powered and controlled extensible member
26 motion base controller

28 support column

30 mult1 purpose joint atop a powered and controlled
extensible member

32 pivot joint atop a support column
40 dynamics control means
41 adjustable means

42 feedback sensor

43 sensing means
44 communication means

46 processing means
50 control signals

52 feedback signals
54 command signals

SUMMARY

This 1invention relates to a portable and compact motion
simulator that 1s small 1n size and light-weight. Portability
allows 1t to be used effectively 1in the home environment and
be stored away 1n a closet or garage when not 1n use. The
portable and compact motion simulator with a single degree-
of-freedom 1s made up of two essentially parallel plates: the
platform and the support base. A single powered and con-
trolled extensible member 1s placed between the two plates
connecting them without restricting relative movement of
the attachment points. The platform is driven by the exten-
sible member via the motion base controller to effect motion
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along the single degree-of-freedom 1n synchronization with
audio and visual images. The said motion base controller
provides computing resources to operate and control the
motion simulator, thereby eliminating the need for comput-
ing resources external to the motion base. A dynamics
control means optimizes the dynamic performance of the
motion simulator in accordance with the weight of the
patron. The portable and compact motion simulator 1s
designed to simulate motion for a patron playing an inter-
active computer game or participating 1n a virtual reality
experience.

DESCRIPTION OF INVENTION

In FIG. 2, the portable and compact motion simulator (10)
of this mvention i1s shown to be used 1n an interactive
computer game play. The patron (02) sits on the motion
simulator (10) which is placed on a chair (06). The motion
simulator (10) is connected to a home computer (08) and a
joystick (04).

The patron (02) sends control signals from the joystick
(04) to the computer game via the home computer (08). In
doing so, the visual 1mages are changed on the display
monitor. The same control signals are sent to the motion
simulator (10) to create motion. Thus, synchronized motion
arec 1mparted to enhance the fidelity of computer game play.
The joystick (04), a typical input control device, serves in
the capacity of a motion control device.

In FIG. 3A, the portable and compact motion simulator
(10) of this invention is shown in a configuration that allows
pitch (12) motion. The motion base is comprised of a support
base (20), a platform (22), a powered and controlled exten-
sible member (24), a support column (28), a dynamics
control means (40), and a motion base controller (26). The
support base (20) which supports the rest of the motion base
1s a flat plate. It also allows mounting provisions for other
motion base components. The platform (22) supports and
transfers motion to the patron (02). The powered and con-
trolled extensible member (24) connects the underside of the
platform (22) and the support base (20). A connection or
joint (30) permitting universal relative movement about the
point is provided at the top of the extensible member (24).
The extensible member (24) is actuated through the motion
base controller (26). The support column (28) is located
approximately at the center of the support base (20). Atop
the support column (28) is a connection or joint (32)
permitting only rotational movement about the pitch (12)
axis. This pivot joint (32) can be different from the rotation
joint (30) atop the extensible member (24). In the simplest
form, the pivot joint (32) can be a hinge that allows the
movable platform (22) to pitch (12) with respect to the
support base (20). The motion base controller (26) is located
inside the space between the movable platform (22) and the
support base (20). A dynamics control means (40) is
installed on the side of the movable platform (22) to allow
casy access. The patron (02) uses the dynamics control
means (40) to adjust the dynamic performance of the motion
base (10). In addition, the sensing means detecting the
welght of the patron and sending a signal regarding to the
detected weight to an adjustable means (41) which is
installed on the movable platform (22), thereby to provide
input to the motion base controller (26) for adjusting
changes 1n velocity and acceleration profiles. Therefore the
dynamic performance of the motion base (10) is optimized.

In the preferred embodiment, the support column (28) is
located approximately at the center of the support base (20).
The powered and controlled extensible member (24) is
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placed directly behind the support column (28). Placements
of the support column (28) and the extensible member (24)
are not critical to the design of our motion base. In the
present state of the art, many means are known for actuating,
the extensible member and any suitable means may be
employed. The actual shape of the top side of the platform
(22) allows a shorter overall vertical height but it is not
essential to our motion base.

Referring now to FIG. 3B, the portable and compact
motion simulator (10) is shown in a configuration that
allows roll (14). The construction is very similar to the
design shown in FIG. 3A with the exception of the pivot
joint (32) atop the support column (28) and the placement of
the powered and controlled extensible member (24). The
pivot joint (32) in this design allows the movable platform
(22) to roll (14) with respect to the support base (20). In the
preferred embodiment, the powered and controlled exten-
sible member (24) is placed to the side of the support column
(28).

Referring now to FIG. 3C, the portable and compact
motion simulator (10) is shown in a configuration that
allows yaw (16). The construction is very similar to the
design shown 1n FIG. 3A with the exception of the pivot
joint (32) of the support column (28) and the placement of
the powered and controlled extensible member (24). The
pivot joint (32) in this design allows the movable platform
(22) to yaw (16) with respect to the support base (20). In the
preferred embodiment, the pivot joint (32) is a hinge or
bearing with the axis of rotation lies up vertically. The
powered and controlled extensible member (24), lies in a

near horizontal plane, when actuated causes the platform
(22) to yaw (16) with respect to the support base (20).

Referring now to FIG. 4 where a block diagram of the
motion base controller (26) is shown. The motion base
controller (26) is comprised of a communication means (44)
to receive control signals (S0) from the joystick (04) or the
computer game via the home computer (08); a processing
means (46) to manipulate the control signals (50) to generate
the appropriate command signals (5§4); another communica-
tion means (44) to send the command signals (54) to the
controlled and extensible member (24). As a result, the
controlled and extensible member (24) changes length
thereby 1mparts motion.

When closed loop control 1s employed, a feedback sensor
(42) tracks the motion of the platform (22) and sends
feedback signals (52) to the motion base controller (26).
These signals are compared to the control signals (50) from
the motion control device (04) (or the computer game via the
home computer (08)) to generate command signals (54).

Referring now to FIG. §, the block diagram of a dynamics
control means (40) of the present invention is shown. The
dynamics control means (40) provides a means to adjust the
dynamic performance of the motion base (10). It provides an
additional control signal (50) to the motion base controller
(26) apart from the control signals (50) from the joystick
(04) or the computer game via the home computer (08) and
control signals (50) from feedback sensor (42). The motion
base controller (26) is engineered to adjust the command
signals (54) to the motion base (10) according to the control
signals (50) from the dynamics control means (40). As a
result, both the velocity and acceleration profiles of the
motion base are adjusted.

Operation

When the motion simulator (10) is used in an interactive
computer/video game, it 1s connected to the electrical outlet
for power. For the control signals (50), it is connected to the
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home computer (08) or a video console, and a motion
control device like a joystick (04) or any other control
devices. The home computer (08) has computer program
game soltware 1nstalled within to generate visual 1magery on
the video monitor. In one set-up, the motion base controller
(26) is connected to the home computer (08). As the com-
puter receives control signals (50) from the motion control
device (04), the same signals are simultaneously sent to the
motion base controller (26). It is also possible to have the
control signals (50) sent directly from the computer program
to the motion base controller (26) via the computer (08). In
another set-up, the motion base controller (26) 1s connected
to the motion control device (04) to receive control signals
(50). In this mode, both the computer program and the
motion base controller (26) receive identical signals from
the motion control device (04). Synchronization between the
visual imagery on the video monitor and the motion gener-
ated by the motion simulator (10) is therefore achieved.

Referring now to FIG. 3A which depicts a motion simu-
lator (10) that allows pitch (12) motion. The extensible
member (24), when actuated, causes the platform (22) to
pitch (12) with respect to the support base (20). As the
platform (22) moves from the parallel position from the
support base (20), relative movements between the top of the
extensible member (24) and the platform (22) are produced.
They are accommodated by the connection or joint (30)
permitting relative movement about the point between the
top of the extensible member (24) and the platform (22).
Atop the support column (28) is another type of pivot joint
(32). In the simplest form, this pivot joint (32) is a hinge that
allows rotation about one axis and transfers forces and
moments 1n all other axes.

The motion base controller (26) is shown to be mounted
on the support base (20) internal to the motion base in the
preferred embodiment. But 1t can be placed at any appro-
priate location. And, 1t can be configured in a standalone
module external to the motion base. Likewise, the dynamics
control means (40) can be configured either internal or
external to the space between the movable platform (22) and
the support base (20).

Although the support column (28) 1s shown to be at the
center of the support base (20) and the extensible member
(24) directly behind, the actual placement of these compo-
nents can be configured 1n many different fashions.
Similarly, the placement of the motion base controller (26)
can be at locations different from what 1s depicted 1 FIG.
3A. The actual shape of the top side of the platform (22)
allows a shorter overall vertical height but it 1s not essential
to our motion simulator.

Referring now to FIG. 3B where the portable and compact
motion simulator (10) allows roll (14) movement. The
construction 1s very similar to the design shown 1n FIG. 3A
with the exception of the pivot joint (32) atop the support
column (28) and the placement of the powered and con-
trolled extensible member (24). The support column (28) is
located at approximately the center of the support base (20).
The pivot joint (32) atop the support column (28) allows the
platform (22) to roll (14) with respect to the support base
(20). The extensible member (24) i1s located next to the
support column (28). In the simplest form, the pivot joint
(32) atop the support column (28) can be a simple hinge.

Referring now to FIG. 3C where the portable and compact
motion simulator (10) allows yaw (16) movement. The
construction 1s very similar to the design shown 1n FIG. 3A
with the exception of the pivot joint (32) atop the support
column (28) and the placement of the powered and con-
trolled extensible member (24). The support column (28) is
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located at approximately the center of the support base (20)
and the extensible member (24) is located in a near hori-
zontal plane. In the simplest form, the pivot joint (32) that
allows the platform (22) to yaw (16) is a turntable bearing
or “lazy susan”.

Referring now to FIG. 4 where a block diagram of the
motion base controller (26) is shown. The motion base
controller (26) provides computing resources to operate and
control the motion base, thereby eliminating the need for
computing resources external to the motion base. The
motion base controller (26) is comprised of at least two
communication means (44) and a processing means (46).
Control signals (50) from the joystick (04) of the computer
game via the home computer (08) are received at the motion
base controller (26) through a communication means (44).
The processing means (46), which 1s comprised of a micro-
controller or a micro-processor, manipulates the control
signals (50) to generate appropriate command signals (54).
The command signals (54) are then sent to the controlled and
extensible member (24) via a second communication means
(44). The command signals (54) cause change in the exten-
sible member’s length thereby imparting motion.

With closed loop feedback control, the motion base
controller (26) further comprises a third communication
means (44). In the preferred embodiment, the feedback
sensor (42) tracks the position of the movable platform (22).
[t sends feedback signals (52), which indicate the position of
the movable platform (22), to the motion base controller
(26). The feedback signals (52) are then compared to the
control signals (50). The differences, commonly referred to
as the error signals, are translated into command signals (54)
for the extensible member (24). In another embodiment, the
feedback sensor (42) may track the acceleration, velocity, or
any other appropriate motion parameter.

The processing means (46) is applicable to various dif-
ferent design applications of the portable and compact
motion simulator (10). It is not limited to any number of
degrees-of-freedom afforded by the motion base. With this
built-in computing resources, the portable and compact
motion simulator (10) can be operated and controlled 1n a
standalone mode. And, it allows the motion simulator (20) to
be adapted to any home computer (08).

Referring now to FIG. § where a block diagram of the
dynamics control means (40) is shown. The adjustable
means (41) provides an additional control signal (50) to the
motion base controller (26) to adjust the overall velocity and
acceleration of the motion base (10). In a simple application,
the acceleration level 1s increased or decreased according to
the additional control signal (50). In a more complex
application, both the acceleration profile (against time) and
the velocity profile can be changed 1in a predetermined
fashion according to the additional control signal (50).

In the simplest form, the adjustable means (41) can be a
variable resistor mounted on the side of the movable plat-
form (22) for easy access. The patron (02) will set the
variable resistor to a graduated scale. The variable resistor
triggers a reference voltage to the motion base controller
(26) to adjust its velocity and acceleration profile.

In a more advanced application of the dynamics control
means (40), a sensing means (43) is incorporated into the
motion base (10) to detect the weight of the patron (02). An
additional control signal (50) will be sent to the motion base
controller (26) by the adjustable means (41) to adjust the
dynamic performance of the motion base (10). In this
arrangement, the patron (02) may not be aware that the
dynamic performance of the motion base (10) are being
automatically adjusted.
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Conclusions, Ramifications, and Scope

This 1nvention relates to a portable and compact motion
simulator that 1s small in size, light-weight, portable, and
casy to 1nstall. The portable and compact motion simulator
with a single degree-of-freedom offers a unique compromise
between performance and cost.

The portable and compact motion simulator can be 1n
different physical forms other than a seat or part of a chazir.
It can be 1nstalled on the floor with the platform in the form
of a simple flat plate. The patron can stand on the platform
to engage 1n a virtual reality type of game play. The motion
simulator system will be able to generate motion to the
patron 1n this format. Alternatively, the compact motion
simulator can be installed 1in the inverted position. The
support base can be bolted to a ceiling structure with the
platform hanging off the base. Some harness or suspension
system can be 1nstalled to the platform to support the weight
of the patron. Through the action of the compact motion
simulator, the patron will be moved through the simulation.

Placement of the actuator in the portable and compact
motion simulator, which determines the packaging
envelope, 1s not as critical 1if more room 1s allowed for the
installation.

The portable and compact motion simulator 1s used 1n
conjunction with a home computer for interactive computer
came play. The home computer can be selected from the
oroup ol Intel-based personal computers, other types of
personal computers, work stations, or video consoles which
are speciiic purpose computers built for video game play.

The motion base controller has a built-in processing
means to provide computing resources to operate and con-
trol the motion base, thereby eliminating the need {for
computing resources external to the motion base. This
processing means can be provided for using one of the many
commercially available micro-controllers or logic circuitry.

The motion base controller with a built-in processing,
means allows the motion simulator to run without any
external computing resources thereby making the motion
simulator a standalone design. This resident processing
means can be applied to any portable and compact motion
simulator regardless of their range of motion and number of
degrees-of-freedom.

In the preferred embodiment, the motion base controller
providing dedicated computing resources to the motion base
1s mounted internal to the motion base envelope. But it 1s
also possible to have the motion base controller 1n a stan-
dalone module with 1ts own enclosure. In such case, the
motion base controller 1s mounted in-line between the power
source and the motion base.

The pending parent patent application, Ser. No. 08/915,
259, covers applications of the compact motion simulators
in the theater environment. In such an application, a plurality
of motion simulators are connected to a common system
controller to provide synchronized motion to pre-recorded
visual 1mages and audio effects. The system controller
provides prerecorded control signals to the individual
motion base controllers and serves the same function as the
motion control device 1n the home computer game applica-
tion. The system controller also has storage means for
pre-recorded visual images and audio effects. A conven-
fional system would require a dedicated simulation com-
puter to operate and control the individual motion bases.
With the present invention, each motion simulator 1s oper-
ated and controlled by its own motion base controller. Thus,
a dedicated simulation computer 1s eliminated leaving the
system controller to manage control signals and stored data
only.
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The support column and the base support have been

depicted as two separate parts according to their function-
ality. In reality, the support column can be made an integral
part of the base support. Therefore, both part count and
production cost are reduced.
The motion simulator with a single degree-of-freedom
can be configured to enable motion 1n a translational degree-
of-freedom. It 1s conceivable that the portable and compact
motion simulator can provide motion in the heave, fore-aft,
or lateral direction.

The motion simulator can be configured to provide rock-
ing motion to 1ts patron. The actuation element can be
replaced with a reciprocating motor drive. In practice, the
present motion simulator design can be modified to function
as a compact rocking cradle for mfants.

Although the description above contains many
specificities, these should not be construed as limiting the
scope of the mvention but as merely providing 1llustrations
of some of the presently preferred embodiments of this
invention. It will be apparent to those skilled in the art that
various modifications and improvements may be made with-
out departing from the scope and spirit of the ivention.
Thus the scope of the invention should be determined by the
appended claims and their legal equivalents, rather than by
the examples given.

We claim:

1. A portable motion base for providing motion 1n one
degree-of-freedom to 1ts patron comprising:

platform means having two points of connection;

support base means having a single point of connection;

support column extending from said support base means
to a connection point in said platform means, wherein
said support column having coupling means for per-
mitting rotational movement about said connection
point and providing a pivot at said connection point;

actuator means having only one powered and controlled
extensible member, wherein said powered and con-
trolled extensible member including a movable mem-
ber being connected between the second connection
point of said platform means and said connection point
of said support base means by a joint means for
permitting any relative movement; and

motion base controller means for actuating said moveable
member of said powered and controlled extensible
member 1n the selective changes in length, thereby
providing motion 1n said degree-of-freedom;

wherein said portable motion base 1s 1n the form of a part
of a chairr having accommodation means for said
patron, and wherein said motion base controller means
including communication means for receiving external
control signals from a dynamics control means which 1s
controlled by said patron, thereby providing an inter-
active motion simulation.

2. The portable motion base of claim 1, wherein said
degree-of-freedom 1s rotation about the pitch axis.

3. The portable motion base of claim 1, wherein said
degree-of-freedom 1s rotation about the roll axis.

4. The portable motion base of claim 1, wherein said
degree-of-freedom 1s rotation about the yaw axis.

5. The portable motion base of claim 1, wherein said
movable member of said powered and controlled extensible
member 15 a screw, and wherein said powered and controlled
extensible member further comprises an electric motor and
a floating nut threadably received on said screw.

6. A portable motion base for providing interactive motion
simulation to its patron comprising:
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a portable motion base 1n the form of a part of a chair
having accommodation means for a patron, said por-
table motion base including
platform means having two points of connection;
support base means having a single point of connec-
tion;

support column extending from said support base
means to a connection point 1n said platform means,
wherein said support column having coupling means
for permitting rotational movement about said con-
nection point and providing a pivot at said connec-
tion point;

actuator means having only one powered and con-
trolled extensible member, wherein said powered
and controlled extensible member including a mov-
able member being connected between the second
connection point of said platform means and said
connection point of said support base means by a
joint means for permitting any relative movement;

dynamics control means which 1s controlled by said
patron for generating signal to adjust the velocity and
acceleration of said portable motion base; and

motion base controller means for actuating said move-
able member of said powered and controlled exten-
sible member i1n the selective changes in length,
thereby providing motion 1n said degree-of-freedom;
and

computer means having memory means for storing pro-
gram means, control means for generating control
signals, and a video monitor for displaying a changing
video 1mage on said monitor in response to said signal
from said dynamics control means controlled by said
patron, said control signals from said control means
and said program means;

wherein said portable motion base 1s adapted to said
computer means, and wherein said motion base con-
troller means including communication means for
recerving said signal from said dynamics control
means, said control signals from said control means
and said program means, thereby providing motion 1n
synchronization with the changing video 1mage on said
monitor.

7. The portable motion base of claim 6, wherein said
degree-of-freedom 1s rotation about the pitch axis.

8. The portable motion base of claim 6, wherein said
degree-of-freedom 1s rotation about the roll axis.

9. The portable motion base of claim 6, wherein said
degree-of-freedom 1s rotation about the yaw axis.

10. The portable motion base of claim 6, wherein said
movable member of said powered and controlled extensible
member 15 a screw, and wherein said powered and controlled
extensible member further comprises an electric motor and
a floating nut threadably received on said screw.

11. A method of simulating interactive motion with a
portable motion base, comprising the steps of:

providing a portable and compact motion base 1n the form

of a part of a chair having accommodation means for a

patron, said portable motion base including

platform means having three points of connection
which lie generally 1n a plane;

support base means having three points of connection
in another plane;

actuator means having only three powered and con-
trolled extensible members, wherein each one of said
powered and controlled extensible members includ-
ing movable member and joint means, and each of
saild powered and controlled extensible members
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being connected between a different one of said three
connection points of said platform means and a
different one of said three connection points of said
support base means by said joint means for permit-
ting any relative movement between each one of said
powered and controlled extensible members;

dynamics control means which 1s controlled by said
patron for generating signal to adjust the velocity and
acceleration of said portable motion base; and

motion base controller means for actuating said move-
able member of each one of said powered and
controlled extensible member 1n the selective
changes 1n length, thereby providing motion in three
degree-of-freedom, which including pitch, roll and
heave, or any combination thereof;

providing computer means having memory means for
storing program means, control means for generating
control signals, and a video monitor for displaying a
changing video 1mage on said monitor 1n response to
said signals from said dynamics control means con-
trolled by said patron, said control signals from said
control means and said program means;
wherein said portable motion base 1s adapted to said
computer means, and wherein said motion base
controller means including communication means to
recerve said signal from said dynamics control
means, sald control signals from said control means

and said program means;

processing said signal from said dynamics control means
and said control signals to generate command signals
by said computer means; and

transmitting said command signals to said powered and
controlled extensible member means in said portable
motion base by said communication means, thereby
providing motion in synchronization with the changing
video 1mage on said monitor, and

climinating the need of an external source of computing,

means to run said portable motion base.

12. The method of claim 11, further comprises the steps
of receiving feedback signals from a sensing means 1n said
portable motion base; and comparing said signal from said
dynamics control means, and said control signals to said
feedback signals from said sensing means to generate a
closed loop feedback control for modifying the command
signals.

13. A method of simulating 1nteractive motion by provid-
ing a motion base controller with computing resource to
operate and control a portable and compact motion base in
response to control signal from a motion control device or a
program means that changes video images on a display
monitor comprising the steps of:

providing a portable motion base in the form of a part of
a chair having accommodation means for a patron, said
portable motion base including
plattorm means having three points of connection

which lie generally 1n a plane;

support base means having two points of connection 1n
another plane;

support column extending from said support base
means to a connection point 1n said platform means,
wherein said support column having coupling means
for permitting rotational movement about said con-
nection point and providing a pivot at said connec-
tion point;

actuator means having only two powered and con-
trolled extensible members, wherein each one of said
powered and controlled extensible members includ-
ing movable member and joint means, and each of
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saild powered and controlled extensible members
being connected between a different one of said three
connection points of said platform means and a
different one of said two connection points of said
support base means by said joint means for permit-
ting any relative movement between each one of said
powered and controlled extensible members;

dynamics control means which 1s controlled by said
patron for generating signal to adjust the velocity and
acceleration of said portable motion base; and

motion base controller means for actuating said move-
able member of each one of said powered and
controlled extensible member 1n the selective
changes 1n length, thereby providing motion m two
degree-of-freedom, which including pitch and roll,
or any combination thereof;

providing computer means having memory means for
storing program means, control means for generating
control signals, and a video monitor for displaying a
changing video 1mage on said monitor 1n response to
signal from said dynamics control means controlled by
said patron, said control signals from said control
means and said program means;
wherein said portable motion base 1s adapted to said
computer means, and wherein said motion base
controller means including communication means to
receive said control signal from said dynamics con-
trol means, said control signals from said control

means and said program means;

processing said signal from said dynamics control means
and said control signals to generate command signals
by said computer means; and

transmitting said command signals to said powered and
controlled extensible member means in said portable
motion base by said communication means, thereby
providing motion in synchronization with the changing
video 1image on said monitor, and

climinating the need of an external source of computing,

means to run said motion base.

14. The method of providing a motion base controller
with computing resources of claim 13, further comprises the
step of receiving feedback signals from a sensing means in
said portable motion base; and comparing said signal from
said dynamics control means and said control signals to said
feedback signals from said sensing means to generate a
closed loop feedback control for modifying the command
signals.

15. A dynamics control means for use to adjust the
velocity and acceleration of a portable and compact motion
base 1n accordance with the weight of its patron, comprising:

a portable motion base 1n the form of a part of a chair

having accommodation means for a patron, said por-

table motion base including

platftorm means having three points of connection
which lie generally 1n a plane;

support base means having two points of connection 1n
another plane;

support column extending from said support base
means to a connection point 1n said platform means,
wherein said support column having coupling means
for permitting rotational movement about said con-
nection point and providing a pivot at said connec-
tion point;

actuator means having only two powered and con-
trolled extensible members, wherein each one of said
powered and controlled extensible members includ-
ing movable member and joint means, and each of

saild powered and controlled extensible members
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being connected between a different one of said three
connection points of said platform means and a
different one of said two connection points of said
support base means by said joint means for permit-
ting any relative movement between each one of said

16

changes 1n length, thereby providing motion m two
degree-of-freedom, which including pitch and roll,
or any combination thereof; and

providing computer means having memory means for

5 storing program means, control means for generating

powered and controlled extensible members; control signals, and a video monitor for displaying a

dynamics control means having a sensing means for changing video image on said monitor in response to

detecting the weight of said patron; and an adjustable said signal from said dynamics control means con-

means that sends a signal to said motion base con- trolled by said patron, and control Slgl_lals from said
troller means of said portable motion base, whereby 1 control means and said program means; :

. . . wherein said portable motion base 1s adapted to said
the output of sa{d motion bage controiller‘ oAt 15 computer means, and wherein said motion base
al}tomatlcally adjusted according to szgd Slngﬂ; and controller means including communication means to

motion base controller means for actuating said mov- receive said signal from said dynamics control
able member of each one of said powered and means, and control signals from said control means
controlled extensible member in selective changes 1n 5 and said program means;
length, thereby providing motion 1n two degree-ot- automatically adjusting the velocity and acceleration of
freedom, which imncluding pitch and roll, or any said motion base 1n response to said signal of the
combination thereof; and detected weight of said patron;
computer means having memory means for storing pro- processing said signal from said dynamic control means
gram means, control means for generating control - and said control signals to generate command signals
signals, and a video monitor for displaying a changing by said computer means; and
video image on said monitor in response to said signal transmitting said command signals to said powered and
from said dynamics control means controlled by said controlled extensible member means in said portable
patron, said control signals from said control means motion base by said communication means, thereby
and said program means; ,s providing motion in synchronization with the changing
wherein said portable motion base 1s adapted to said video 1mage on s;:ud monitor. _ _ |
computer means, and wherein said motion base con- 17. A met‘hod of Slmulatlpg Interactive motion with a
troller means including communication means for portable motion base, comprising the steps of:
receiving said signal from said dynamics control providing a portable and compact motion base 1n the form
means, sald control signals from said control means 20 of a part of a chair having accommodation means for a

and said program means, thereby providing motion 1n
synchronization with the changing video 1image on said
monitor.

16. A method of providing a dynamics control means for

patron, said portable motion base including
platform means having two points of connection which

lie generally 1n a plane;
support base means having a single point of connection

use to adjust the velocity and acceleration of a portable and
compact motion base in accordance with the weight of its 35
patron, comprising the steps of:

in another plane;
support column extending from said support base
means to a connection point 1n said platform means,

providing a portable motion base in the form of a part of
a chair having accommodation means for a patron, said
portable motion base including

wherein said support column having coupling means
for permitting rotational movement about said con-
nection point and providing a pivot at said connec-

plattorm means having three points of connection 40 tion point;
which lie generally 1n a plane; actuator means having only one powered and con-
support base means having two points of connection 1n trolled extensible member, wherein said powered
another plane; and controlled extensible member including a mov-
support column extending from said support base able member being connected between the second
means to a connection point 1n said platform means, 45 connection point of said platform means and said
wherein said support column having coupling means connection point of said support base means by a
for Permitt.ing rotationzfl movement about. said con- joint means for permitting any relative movement;
nection point and providing a pivot at said connec- dynamics control means which is controlled by said
tion point; patron for generating signal to adjust the velocity and
actuator means having only two powered and con- 50 acceleration of said portable motion base; and
trolled extensible members, wherein each one of said motion base controller means for actuating said move-
powered and controlled extensible members 1nclud- able member of said powered and controlled exten-
ing movable member and joint means, and each of sible member in the selective changes in length,
sa1‘d powered and controllt—:-:d extensible mf—::mbers thereby providing motion in said degree-of-freedom;
being cqnnectefj between a different one of said three 55 providing computer means having memory means for
connection points of said platform means and a storing program means, control means for generating
different one of said two connection points of said control signals, and a video monitor for displaying a
support base means by said joint means for permit- changing video image on said monitor in response to
ting any relative movement between each one of said said signal from said dynamics control means con-
powered and controlled extensible members; 60 trolled by said patron, said control signals from said
dynamics control means having a sensing means for control means and said program means;
detecting the weight of said patron; and an adjustable wherein said portable motion base 1s adapted to said
means that sends a signal to said motion base con- computer means, and wherein said motion base
troller means of said portable motion base; and controller means including communication means to
motion base controller means for actuating said move- 65 receive saild signal from said dynamics control

able member of each one of said powered and
controlled extensible member 1n the selective

means, sald control signals from said control means
and said program means;
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processing said signal from said dynamics control means
and said control signals to generate command signals
by said computer means; and

transmitting said command signals to said powered and
controlled extensible member means 1n said portable
motion base by said communication means, thereby
providing motion in synchronization with the changing
video 1image on said monitor, and eliminating the need
of an external source of computing means to run said
motion base.

18. The method of claim 17, further comprises the steps
of receiving feedback signals from a sensing means 1n said
portable motion base; and comparing said signal from said
dynamics control means and said control signals to said
feedback signals from said sensing means to generate a
closed loop feedback control for modifying the command
signals.

19. A method of providing a dynamics control means for
use to adjust the velocity and acceleration of a portable and
compact motion base 1n accordance with the weight of its
patron, comprising the steps of:

providing a portable motion base in the form of a part of
a chair having accommodation means for a patron, said
portable motion base including
plattorm means having three points of connection

which lie generally 1n a plane;

support base means having three points of connection
in another plane;

actuator means hav 1ng only three powered and con
trolled extensible members, wherein each one of said
powered and controlled extensible members 1nclud-
ing movable member and joint means, and each of
saild powered and controlled extensible members
being connected between a different one of said three
connection points of said platform means and a
different one of said three connection points of said
support base means by said joint means for permit-
ting any relative movement between each one of said
powered and controlled extensible members;

dynamics control means having a sensing means for
detecting the weight of said patron; and an adjustable
means that sends a signal to said motion base con-
troller means of said portable motion base; and

motion base controller means for actuating said move-
able member of each one of said powered and
controlled extensible member 1n the selective
changes 1n length, thereby providing motion 1n three
degree-of-freedom, which including pitch, roll and
heave, or any combination thereof; and

providing computer means having memory means for
storing program means, control means for generating
control signals, and a video monitor for displaying a
changing video 1mage on said monitor in response to
said signal from said dynamics control means con-
trolled by said patron, and control signals from said
control means and said program means;
wherein said portable motion base 1s adapted to said
computer means, and wherein said motion base
controller means including communication means to
recerve saild signal from said dynamics control
means, and control signals from said control means
and said program means;

automatically adjusting the velocity and acceleration of
saidd motion base 1n response to said signal of the
detected weight of said patron;

processing said signal from said dynamic control means
and said control signals to generate command signals
by said computer means; and
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transmitting said command signals to said powered and

controlled extensible member means in said portable
motion base by said communication means, thereby
providing motion 1n synchronization with the changing
video 1mage on said monitor.

20. A method of providing a dynamics control means for
use to adjust the velocity and acceleration of a portable and

compact motion base 1n accordance with the weight of its
patron, comprising the steps of:

providing a portable motion base in the form of a part of

a chair having accommodation means for a patron, said

portable motion base including

platform means having two points of connection which
lie generally 1n a plane;

support base means having a single point of connection
in another plane;

support column extending from said support base
means to a connection point 1n said platform means,
wherein said support column having coupling means
for permitting rotational movement about said con-
nection point and providing a pivot at said connec-
tion point;

actuator means hav ing only one powered and con-
trolled extensible member, wherein said powered
and controlled extensible member including a mov-
able member and joint means, and said powered and
controlled extensible member being connected
between the second connection point of said plat-
form means and said connection point of said sup-
port base means by said joint means for permitting,

any relative movement;

dynamics control means having a sensing means for
detecting the weight of said patron; and an adjustable
means that sends a signal to said motion base con-
troller means of said portable motion base; and

motion base controller means for actuating said move-
able member of said powered and controlled exten-
sible member i1n the selective changes in length,
thereby providing motion 1n said degree-of-freedom;
and

providing computer means having memory means for

storing program means, control means for generating
control signals, and a video monitor for displaying a
changing video 1mage on said monitor 1n response to
said signal from said dynamics control means con-
trolled by said patron, and control signals from said
control means and said program means;
wherein said portable motion base 1s adapted to said
computer means, and wherein said motion base
controller means mcluding communication means to
receive sald signal from said dynamics control
means, and control signals from said control means
and said program means;

automatically adjusting the velocity and acceleration of

said motion base 1n response to said signal of the
detected weight of said patron;

processing said signal from said dynamic control means

and said control signals to generate command signals
by said computer means; and

transmitting said command signals to said powered and

controlled extensible member means in said portable
motion base by said communication means, thereby
providing motion 1n synchronization with the changing
video 1mage on said monitor.
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